INTRODUCTION
In the UK domestic waste is collected through household kerbside collections. Householders are also able to dispose of their waste by taking it to household waste recycling centres (HWRCs) for separation prior to final disposal in landfill or possible reprocessing. HWRCs have evolved from the civic amenity sites (CASs) introduced by the Civic Amenities Act 1967, and commonly referred to by the public as 'tips', to recycling centres which make a valuable contribution to local and national waste recovery targets. HWRCs provide householders with an outlet for the disposal of a wide range of materials. Unlike kerbside collections operating on a weekly or fortnightly schedule, they provide householders with accessible waste disposal facilities normally open eight hours per day, seven days per week and approximately 360 days per year.
During 2002 and 2003, 66% of total household recycled tonnages were managed through HWRCs, demonstrating the important role they can play in the attainment of local and national recycling and composting targets. 1 Since 1996, disposal rates have increased by 6% per annum compared with a 3% growth in household waste arisings. 2 Increased site usage has been attributed to increases in (a) trade waste associated with rising landfill tax levels (b) awareness of site facilities (c) prices of skips (d) do-it-yourself (DIY) and renovation projects. 2 The geographical locations of HWRCs are planned so as to optimise householder accessibility while minimising mean travel distances. However, the environmental and social impacts of transport arisings associated with site users and HWRC servicing have the capacity to counteract the environmental benefits of increased material recovery. This paper provides a review of the transport arisings associated with HWRCs as journey origins and destinations.
HWRCS AS JOURNEY DESTINATIONS (SITE USER TRIPS)
Since the 1980s the main focus of research into HWRCs as trip destinations has been to develop individual site user profiles relating to the origin, nature, mode and frequency of visitor journeys. [3] [4] [5] [6] [7] [8] These data have been used to assess HWRC impacts, to aid with the planning process and to provide local authorities with a tool to measure the cross-border movement of waste for calculating apportionment to neighbouring authorities. Despite traffic counters being fitted at entrances to HWRCs, and the use of periodic site user surveys (customer satisfaction and user apportionment) by local authorities, there are few published data quantifying the actual numbers of site user trips to HWRCs and their associated trip characteristics. The analysis of these data is integral to establishing the transport arisings and trends associated with site user journeys to HWRCs. The transport arisings from these journeys can be quantified through assessing the number of vehicles, frequency of usage and distances travelled to the sites.
increased by 30% across the UK between 1998 and 2003. 9 Network Recycling 2 conducted a study to assess trade waste arisings at ten HWRCs around Bristol through a classification of site users. Surveys were conducted over seven days (Monday to Sunday) randomly scheduled between June and August 2001, to record each vehicle entering the site. A comparison of survey numbers and traffic count data indicated that between 99$1 and 100% of visitors were interviewed. Over the seven-day study an average of 3429 vehicles entered the site (taken from urban sites (3247), rural (4024) and urban fringe (3015)) with Saturday recording the greatest proportion of site users across the sites. An internal analysis at Hampshire County Council of a weekly sample of traffic count data from six HWRCs identified that on average between Monday and Friday, 675 (347 to 1032) vehicles per day entered the sites which increased to 884 (602 and 1353) at the weekends. HWRCs typically receive their greatest weekly throughput at weekends and bank holidays; however, this will vary between sites. 10 Transport arisings to sites are also influenced by frequency of usage and seasonality. 10 Speirs and Tucker's 6 analysis of duration between visits suggested that 66% of users visited a site either weekly or every three to four weeks but the frequency of usage varied between summer and winter. Surveys at four HWRCs in Hampshire 3 identified that during the summer months 24-35% of users visited the sites up to twice a month, but this dropped to between 10 and 29% in the winter months with 4% not visiting a site at all during the winter. Trends in transport arisings can be inferred from the analysis of annual waste throughput in which greater tonnages of waste can be associated with increased numbers of journeys. Waste arisings during the summer months (April to September) account for 60% of the annual throughput. Increased demand for HWRC facilities during the summer months has been linked to increased gardening and property renovation activities. 1, 3 Typically, HWRCs are designed with 5 mile (8 km) catchment radii, which have been shown to vary between tightly clustered urban areas (2$8 miles (4$5 km)) and sparsely populated rural areas (5$7 miles (9 km)). 1, 10, 11 To minimise the burden on road networks, HWRCs are frequently located in industrial estates 10 Eastbourne study found that 97% of site users lived within a 5 min drive time of the HWRC, while the Lancashire survey found that the majority of users lived within 2-3 min of the site. It should be noted that longer drive times could be more indicative of traffic density rather than the actual distance travelled to the site. 5 As the majority of trips to HWRCs are undertaken by car or van, the main impacts associated with HWRCs are symptomatic with vehicle usage, 4 which gives rise to environmental and social externalities (noise, vehicle emissions, road traffic accidents, congestion and damage to road infrastructures 13 ). The traffic and congestion experienced at HWRCs is one of the most reported negative impacts by site users. 10 High demand during peak periods can lead to congestion on roads leading to the HWRC and can generate severe congestion on-site which is exacerbated by impatient site users. 8 Congestion and queuing can also be generated from the marshalling and replenishment of bins by service vehicles, which may require the site to be temporarily closed for health and safety reasons. As a result, closure for as little as 15 min may lead to a build up of traffic, although the impacts will ultimately depend on the time of day and on the surrounding road networks. 14 In Lancashire, Williams and Taylor 12 found from site user surveys that queuing was more common in the summer (16%) than in the spring (6%) and mostly occurred at the weekends owing to increased throughput. Site management will seek to control and mitigate the negative impacts of congestion as it can reduce users' willingness to separate materials into relevant skips, which affects recovery rates on-site. 8 accessibility, proximity to home, on-site facilities and other facilities in the surrounding area). Speirs and Tucker 6 and
Coggins et al. 15 found that the close proximity of the site was one of the main variables influencing site choice, irrespective of journey characteristics. These factors govern site selection, but using a site within a designated authority is not a major influence unless management techniques are deployed. For local authorities, this has a significant cost implication in which the cross-border regional import of waste could result in increased costs from the disposal of a neighbouring authority's waste. At Somerley HWRC located in Hampshire on the Dorset border, approximately two-thirds of site users resided in Dorset. 17 Permit schemes have been introduced in sites in Lancashire, Bristol, Dartford and Shropshire where cross-border movements are an issue in a measure to restrict usage to 'residents only'. 1 Areas with high or low densities of HWRCs will be more susceptible to increased cross-border movements, especially if sites are closer and have no restrictions on usage by residents in a neighbouring authority. 8 Where the nearest site is in a neighbouring authority's jurisdiction, enforcement of 'residents only' policies may result in users having to travel longer distances to use a site within their authority, resulting in increased transport and environmental burdens. 12 The impacts of such techniques on journey distance and site selection have not been documented within the literature.
Assessment of site user transport chains indicate that HWRCs generate localised journeys by car, typically within a 5 mile radius. Research has classified the nature of user journeys in relation to whether special, dedicated journeys are being made to recycle or whether journeys are being combined with other activities. Contrary to expectations, research has indicated the environmental burden from special dedicated journeys may not be higher than those associated with making detours. However, journey distances, drive times and site selection are influenced by numerous variables including route selection, road networks, geographical barriers and traffic density, which have not been thoroughly investigated.
Over the last two decades research has been led by local authorities with the aim of understanding the types of visitor using sites and defining the key catchment areas to aid the strategic planning of waste management. To explore fully the transport arisings and potential impacts associated with site users' journeys to HWRCs, it is suggested that future research should take a more holistic approach. This would quantify (a) the number of users visiting sites by day and time of year (b) the types of waste deposited (c) the frequency of usage (d) the routes taken and distances travelled (e) the total transport costs associated with visitor trips ( f ) the environmental and social impacts associated with trips to HWRCs.
With the evolution of CASs into HWRCs, the potential relationships between traffic flow, recycling behaviour and recycling rates warrant further investigation. The potential benefits from enhancing local community 'bring-site' facilities to encourage householders to recycle waste more locally, and hence reduce the numbers of longer distance trips made to HWRCs, should also be determined. In addition to these parameters, other areas which could influence transport arisings worthy of further research are 'resident-only policies' designed to prevent crossborder trips to neighbouring HWRCs and site policies to limit trade abuse.
HWRCS AS JOURNEY ORIGINS (DISPOSAL OF WASTE)
In comparison with the assessment of site user journeys to HWRCs, there has been a lack of research quantifying the transport impacts associated with vehicles servicing the disposal of residual waste and onward movement of recyclables from HWRCs. Research has largely focused on life cycle analyses (LCA) of specific materials or products, identifying the financial, environmental and social costs involved in their production, distribution and usage. 13 With increases in material recovery, HWRCs have formed an integral part of the recycling chain, separating material out for recovery and reprocessing. The transport chains and servicing requirements are becoming more complex and costly with short journeys to landfill replaced by multiple journeys involving the collection, transfer and treatment of different materials within the supply chain. As reprocessing plants are not evenly distributed within the UK, the treatment of some materials will involve greater transportation, increasing the overall costs of reprocessing. Subsequently, the proximity principle and self sufficiency policies set out in Waste Strategy 2000, 18 which provide spatial restrictions on waste management and disposal, cannot realistically be adhered to.
A study conducted by the National Society for Clean Air and Environmental Protection 19 has assessed transport emissions and costs associated with the recycling of glass and plastics. The study quantifies the impacts of transport chain scenarios for kerbside and bring-sites which incorporate material transfer to stockpiles, material reprocessing facilities (MRFs) and reprocessors. Although HWRCs are not specifically documented within the study, it is still considered relevant as bottle banks are located at most sites. For each link within the transport chain the distance travelled, vehicle type, emissions of NO x , PM 10 and CO 2 , and the cost of transport were calculated from data supplied by local authorities. On average, a distance of 1230 km was travelled per t of glass processed, which is significantly greater than the 340 km/t calculated for transport chains associated with kerbside collections. 19 Material transportation contributes significantly to the total atmospheric emissions emanating from the recycling of glass and plastic. Analysis of the total emissions originating from transportation, MRF activities, and the crushing and reprocessing of glass highlighted that between 87 and 96% NO x (1$7-6$0 kg/t) and 93 and 97% PM 10 (0$2-0$3 kg/t) originate from the road transport element (householder to bank, MRF and reprocessor). Government policy in the UK is committed to reducing atmospheric pollution, yet research conducted by the Resource Recovery Forum predicts that CO 2 emissions could increase by 39$4% with a 3% increase in waste arisings. 20 HWRCs have a range of service requirements that influence transport arisings from a site. Transport is required to transfer full bins for a range of materials (e.g. residual waste, green waste, During periods of increased site user demand, there will be greater pressures on the transport infrastructure to replenish bins. Assessment of site usage rates provide site managers with a tool to predict trends in which bin movements can be planned. The transport logistics associated with servicing HWRCs in Hampshire is coordinated centrally, with site managers booking the number of bin swaps required through predicted site usage. This can lead to over-or underestimation of bin swaps and removal of partially filled bins. Although the transportation of full bins is more cost effective, emptier bins may reduce associated external costs associated with weight, fuel efficiency and vehicle emissions. 20 Quantifying HWRC service vehicle activity is complex as fixed routes and schedules are not practical, unlike domestic waste collection systems. The system is reliant on the site manager's understanding of site operations, seasonality and the changing behaviour of site users relative to the capacity of the HWRC and size and capacity of the service vehicle fleet. The number of vehicle movements associated with container shunting and replenishment has inevitably increased as HWRCs have evolved to provide more recycling facilities.
The movement of site user and service vehicles in and around HWRCs is a significant contributor to traffic flow and has to be managed through site layout and design to ensure minimal impact on site operations and roads in the surrounding area. Detailed analysis of these data sets will enable regional service vehicle impacts of site operations to be quantified. It is apparent that Government measures in the UK to reduce the dependence on waste disposal to landfill, improve landfill site management and increase recovery performance will result in increased transport movement. 20 This could potentially be in direct conflict
with Government policy to tackle climate change and decrease emissions of CO 2 to the atmosphere.
THE IMPACT OF LEGISLATION AND GOVERNMENT POLICY ON HWRC TRANSPORT ARISINGS
One of the primary influences determining public and service transport externalities from HWRCs is current and forthcoming legislation in the UK. The key legislation and Government policy to influence HWRCs is outlined and summarised in Fig. 1 .
Household Waste Recycling Act 2003
The implementation of the Household Waste Recycling Act (2003) seeks to improve the provision of kerbside recycling schemes by stipulating that by 2010 (or 2015 at the Government's discretion), waste collection authorities will have a duty to provide all residents with a kerbside collection of at least two types of recyclable materials. 21 This has the potential to reduce the number of special dedicated recycling journeys to HWRCs and associated transport externalities. However, the National Assessment of Civic Amenity Sites study 1 found that a greater 
Variable charging
In order to meet impending recycling and composting targets, the UK could follow examples in Europe and the USA by implementing variable charging or 'pay as you throw' (PAYT) for kerbside collections. 22 By directly charging households for the volume or weight of the waste they generate, householders are provided with a financial incentive to minimise waste and increase their recycling. Surveys of schemes in the USA noted a reduction of 40% in waste sent to landfill. 22 The US Environmental Protection Agency highlighted that emissions of CO 2 could be reduced by 3$8 Mt if waste arisings were reduced by 20% from PAYT schemes. This would be comparable to removing 2$8 million cars from the road each year, with the associated reduction in other transport externalities. 23 The potential increase in householder journeys to HWRCs that could arise in an attempt to avoid variable kerbside charging schemes has not been researched. Local authorities would need to consider implementing similar charging schemes at HWRCs to act as a deterrent if such behavioural changes occurred. Currently within the UK, under the Environmental Protection Act 1990, local authorities are not permitted to charge directly for household waste collections, although the potential benefits of variable charging are being explored.
The mandatory provision of kerbside recycling schemes set out in the Household Waste Recycling Act and the potential for variable charging according to the weight generated are examples of legislation and policy aiming to stimulate householder recycling behaviour. This combination could have an impact on the number of future private journeys to HWRCs although the direction and extent is not widely understood.
Landfill Regulations 2002
The 21 with no sites in the Wales and Thames regions. 24 The reduction in availability of landfill sites for the disposal of hazardous waste has resulted in greater journey distances for disposal, with associated increased transport externalities and financial costs. Leeds City Council has recorded a four-fold increase in the cost of disposal of asbestos on top of the cost of travelling a 250-mile round trip to dispose of the materials. 25 The
Environment Agency has notified companies of potential annual increases in transportation costs of between £150 and £500 million. 25 The Landfill Regulations 2002 and subsequent Amendment Regulations 2004 have led to a reduction in available landfill space for hazardous waste and an increase in transfer points, and the number and distance of journeys to treat and dispose of hazardous and non-hazardous waste to landfill. Although the direct environmental benefits of improved landfill management and increased incentives to reduce waste sent to landfill have been laid out by government, the associated transport externalities have perhaps not been sufficiently explored.
Landfill Tax regulations 1996 (amended in 2003)
The Landfill Tax (1996) was originally introduced as a tool to encourage waste reduction and recycling, and promote alternative waste management by making it costly to landfill waste. The standard rate for the landfill of active waste was £7/t in 1996 but has been increasing at a rate of £1 per year and is currently £18/t. From April 2005 to April 2006 it will increase at a rate of £3 per year with a projected long-term rate of £35/t. 21, 26 Research conducted by Network Recycling 2 investigated trade waste input into HWRCs. They calculated that of the 27% increase in waste arisings between 1996/7 and 2000/1, 8% could be correlated with the increase in trade abuse at sites. 2 Preceding the Landfill Tax, 7$6% of waste was deposited by traders in comparison to 13% in 2000/1 (830 000 t). Research conducted prior to the introduction of the Landfill Tax identified that between 2$5 and 3$7% of users entering sites were traders. However, surveys conducted by Network Recycling at ten HWRCs in the Bristol area identified that 5% of all visitors were traders and that 13% of waste was from trade sources.
Projected increases in the Landfill Tax will continue to increase the cost of waste disposal for small business (e.g. builders and gardeners), which may result in an increase in the number of trips being made to HWRCs or increase the rate of fly tipping. The knock-on effects on HWRCs have not been documented although it is predicted that traders' transportation costs may increase as they have to travel to those sites that either accept trade waste or do not have measures in place to deter trade abuse, for example height barriers, closed-circuit television (CCTV), disclaimers or commercial vehicle bans. In the worst-case scenario, Landfill Tax is avoided by fly tipping which costs local authorities £44 million per year to clear up in transportation and disposal costs. 29 The directive aims to reduce WEEE arisings and improve the environmental performance and product lifecycle within associated industries. It sets criteria for the collection, treatment, recovery and disposal of WEEE in which the producers are financially accountable and fully responsible. Retailers are required to supply a free-of-charge take-back scheme and it is considered that utilising existing waste management infrastructure, including HWRCs, could be the cheapest and most cost-effective method.
The recycling of electrical and electronic waste is significantly different to other household waste as it is compositionally complex and may include hazardous or precious materials, both of which will require separate handling and reprocessing, 30 which increases overall transport arisings.
The regulations when implemented will ban the disposal of WEEE within domestic refuse collections and facilitate retailer takeback schemes or disposal at HWRCs. Two consumer in-store takeback trials conducted by PC World in Southampton recovered obsolete personal computers (PCs) which were transported approximately 20 miles to the Intex facility in Portsmouth. 31 Of the 62 participants, 40% usually disposed of WEEE via a HWRC. The distance travelled to the store take-back scheme was 8$5 km on average and 94% of participants had made a dedicated trip to dispose of their WEEE. The trial highlighted that despite the benefits of WEEE recovery, retailer take-back schemes could increase the number of specific dedicated journeys to dispose of one particular waste stream.
The implementation of the RoHS, and specifically the WEEE Directive, looks set to have an impact on both commercial and private waste journeys. Increased material collection and transportation to licensed facilities to be treated and reprocessed before disposal will increase the number of journeys and distances travelled by commercial vehicles.
The Working Time Directive (WTD)
The It is inevitable that the WTD will have an impact on the transport fleets servicing HWRCs although the full extent has not been explored. The WTD has the potential to pressurise an already stretched infrastructure, in which more drivers and vehicles could be required to meet the demands of existing schedules. In research conducted by the Resource Recovery Forum, 20 the theoretical impacts of the WTD were modelled on a fleet of 100 transfer station vehicles (articulated tippers moving bulky waste and recyclables from transfer stations to final disposal or recycling facilities) with a pre-WTD operation of 4655 manhours per week. 20 The modelling work suggested that implementation of the WTD would result in a loss of 598 manhours per week across the fleet, which would require an additional 16 vehicles to guarantee the same pre-WTD service.
The impact of the WTD on service vehicle activity at HWRCs has not been modelled and quantifying the impacts would make valuable further research. Current thinking suggests that the impacts of the WTD on these operations might be minor as many of the current collection schedules operated are less than 48 hours per week per driver. identifies how EU and UK waste management legislation to increase material recovery (e.g. Landfill Directive, WEEE) will pressurise waste transport logistics and infrastructure. A theoretical county was used as a case study to estimate the total waste management costs associated with the transportation of materials to landfill, incinerators, and MRFs. The costing model incorporated factors affecting wider transport costs (congestion, insurance, fuel prices) and also waste and transport legislation. The model suggested that between 2002 and 2006, increased recycling activity (collection, sorting and processing) with waste arisings of between 0 and 3% growth could increase the journey requirements of vehicles required to service the waste management infrastructure from 3$2 million miles (5$15 million km) (2002) to 4$4 million miles (7 million km) (2006), with a 3% increase in waste arisings. Increased journey distances could increase transport costs by 55% over the four year period. 20 
MAXIMISING THE EFFICIENCY OF CURRENT OPERATIONS
Assessment of current and future legislation suggests that transport operations will be affected by increased journey distances caused by more complex transport chains, thus increasing local authorities' waste management costs. The WasteDataFlow is an online tool designed to aid local authorities in reporting their municipal waste data to the Government, with the aim of improving data management, strategic planning and local authority benchmarking. 34, 35 Once current operations have been established, optimisation techniques may focus on improving on-site operations, routing and scheduling vehicle fleets collecting and transporting waste, and optimising the location of vehicle depots and waste disposal facilities. In each case the current operations are defined and the impacts of different operational scenarios modelled.
On-site operations
The civic amenity site operational model (CASOM) has been developed by Industrial Ecology Solutions Limited (IEcoS) as a tool to assess current operations and identify how maximum efficiency can be met. Within the model, scenarios are defined to include waste forecasts, parking spaces, timings of visitor arrivals, heavy goods vehicle collections, vehicle capacities, and numbers and types of waste containers. The scenarios are simulated to calculate the incurred operational costs and revenue associated with waste collected, vehicle flows and lengths of traffic queues at sites. Despite the potential value of CASOM, no actual results have been published.
Route optimisation
Routing and scheduling applications commonly used to optimise the operations of large distribution fleets are being adapted to address waste collection and disposal. A number of commercially available software packages (e.g. LogiX, Route LogiX by DPS International, 36 RoundBuilder, LogisticsOptimiser, FacilityLocator by Entec 37 and WebAspx; FleetRoute by Civix Software 38 ) have been designed with the aim of optimising fleet performance, with the ability to model the potential impacts of changing legislation and policy.
In the area of optimising waste collections there are a number of relevant studies showing the potential benefits associated with improved routing, vehicle allocation and location of waste facilities. The effective routing and scheduling of vehicles is clearly of relevance and importance to waste collection, and routing and scheduling models can help determine whether current round structures are the most optimal. The complexity of a collection route is determined by the number and distribution of collection points within a network. Route choice is critical to the planning and management phases, which can be adapted to improve traffic conditions in urban areas in addition to reducing operational costs. 39 Optimised route models have been designed in an attempt to find better solutions in terms of distance, duration, the number and allocation of vehicles, and time spent at and between each collection point in the chain. Typically, new routes are created by modifying the order in which facilities are visited while accounting for fleet requirements and labour capacity. 40 Traffic queues and waiting time at disposal facilities are integral components of routing and scheduling models. 41, 42 It should be noted that owing to the operational constraints imposed by individual contracts, completely optimal routes may be difficult to construct.
Extensive modelling has been conducted to optimise domestic kerbside collections, routes and schedules. Clark and Gillean 43 conducted research to optimise the performance of a domestic waste collection and disposal system consisting of 224 routes, using six-man crews and vehicles with capacities ranging from 12$2 to 13$8 m 3 . A simulation model generated daily vehicle schedules and routes, collection and cost data, along with the expected daily waste volumes. The modelling results suggested that the system could be reduced to 102 routes using larger capacity vehicles (15$3-19$1 m 3 ), which reduced staffing requirements (from 1640 to 850). In total the optimisation reduced the operational costs by 41%. 43 Teixeira et al. 44 studied separate collections of glass, paper and plastic/metal, in a region of Portugal through a network of 1642 'bring-sites', with the aim of reducing the distance travelled by collection vehicles. These sites were serviced by two vehicle depots where the waste was unloaded. 44 They prespecified that each site was to be visited once every four weeks with the justification that there were a significant number of containers which only needed emptying once a month. Analysis consisted of a three-stage process, which first defined a number of collection zones to be planned separately, that is districting, then defined the waste types to be collected by each operative, and finally selected the sites to be visited and the routes to be taken. Historic distances were calculated for each route and compared with computed distances from the model. Improved routes reduced distances travelled on average by 29%; a reduction was even noted for materials with increased frequency of collection. 44 
Optimal location of waste facilities
In order to reduce journey distances between vehicle depots, HWRCs and waste facilities, routing and scheduling applications can be used to determine the most optimal locations to site those facilities. m. These studies demonstrate the savings that can be made from the optimisation of collection schemes, the principles from which can be applied to the collection of waste from HWRCs. 45 Winter et al. 46 undertook a scoping study into how waste management facilities in Scotland could be located to minimise journey times and emissions, which also included modal shift of waste for road to rail, canals and coastal shipping. 46 The effects of waste consolidation were examined in cost models by looking at the theoretical case of locating four 'super sites' in Scotland for all waste disposals. Moving from the present infrastructure to the 'super sites' scenario dramatically improved the economics of transport by modes other than road. When looking at the cumulative cycle between 2002 and 2020 there was potential for a shift of between 25 and 40% in the total waste transported by rail, and between 5 and 15% of waste transported by water. 46 The results from the cost models suggested that only marginal modal shift was feasible with existing waste infrastructure in Scotland.
Woodard et al. 8 analysed home postcode data from site users solely depositing garden waste at Eastbourne HWRC through global information systems to identify clusters of materialspecific site usage. It was considered that if additional satellite garden waste facilities were provided in and around the five identified clusters and in close proximity to local composting facilities, the transport arisings, and subsequently impacts associated with garden waste disposal at HWRCs, would be reduced. However, the full benefits from additional and optimally located facilities were not quantified. 8 The Northlands Foundation 47 developed a framework to determine the optimal location of a waste management facility (a plastic recyclate pool) within a defined geographical region (the London Borough of Wandsworth) as a tool to minimise the costs and environmental impacts associated with the recovery of plastics. Optrak, a commercial vehicle routing software, was used to calculate journey distances associated with the weekly collection and transportation of plastic waste from domestic, commercial and industrial sources to facilities within the plastic recyclate pool. Distances were subsequently calculated from consolidation facilities and MRFs to alternative waste management facilities within Wandsworth using Autoroute to identify optimally located sites. The resource flow simulator and impact assessment tool developed by IEcoS was used to simulate variations in resource flows and calculate the energy, transport and environmental costs associated with different operating scenarios. 47 
CONCLUSIONS
HWRC transport arisings are generated by the movements of materials by householders to sites and material-specific bins Despite the value of these data to traffic and land use planners, and specifically to local authorities for calculating the extent of cross-border movements of waste, there is a lack of published studies quantifying the transport arisings directly associated with HWRC activities.
The transport arisings generated by the removal and replenishment of material bins at HWRCs is also underrepresented within the literature, although analogies have been made from the life cycle analyses of glass and plastic. At HWRCs, public demand to dispose of materials is the key factor influencing material generation, bin requirements and hence transport arisings. Owing to the unpredictable nature of public demand, site managers cannot accurately schedule long-term material-specific bin requirements, which leaves the system vulnerable to over-or under-allocation. Routing and scheduling applications are proven logistical tools used to optimise fleet performance and could aid the efficient management of HWRC transport services. New waste treatment legislation and current recycling policies are aimed at increasing recovery through material separation. These will directly impact on the number and distances of journeys made by householders and servicing vehicles to treatment and recycling facilities. The existing literature suggests that further research should be focused into quantifying both the user and service transport impacts associated with HWRCs and developing further techniques to optimise operations, given the range of behavioural affects the new legislation could induce.
